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Abstract
Postoperative hip alignment was studied on radiographs in cases of total hip arthroplasty
(THA) and of Bipolar Head Prosthesis(BHP), both with MX-1. Postoperative anteroposterior-
view radiographs of hip joints of patients with a normal hip joint on the unoperated side and
without pelvic tilt were used. Thirty-nine THA patients (femoral neck fracture), 26 THA patients
(osteonecrosis of the femoral head and osteoarthritis of the hip joint), and 34 BHP patients were
selected for this study. Lines and points for measurement of 9 parameters were established on
radiographs. The position of the greater trochanter upper edge is 6.5 mm (mean) superior to the
femoral head center in the normal hip joint of Japanese, unlike in Caucasians. A femoral head
prosthesis should be inserted so that its center and the greater trochanter upper edge are level in
order to equalize leg lengths. In BHP cases, the insertion is made so that the greater trochanter
upper edge is approximately 4-mm superior to the center of the prosthesis. For further securing of
the stem and to equalize leg lengths, stems should be available in 11 diameters from 5-15 mm in
1-mm increments. Postoperative hip alignment in MX-1 THA cases was found to be satisfactory.
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ARadiographicStudyofHip-JointAlignment
afterProstheticHipArthoplasty
IsagiMizuta??,HirooFujiwara?,andHajimeInoue?
?DepartmentofOrthopaedicSurgery,OkayamaUniversityMedicalSchool,Okayama700-8558,Japan,and
?DepartmentofOrthopaedicSurgery,MizushimaCentralHospital,Kurashiki711-8064,Japan
Postoperativehipalignmentwasstudiedonradiographsincasesoftotalhiparthroplasty(THA)and
ofBipolarHeadProsthesis(BHP),bothwithMX-1.Postoperativeanteroposterior-view radio-
graphsofhipjointsofpatientswithanormalhipjointontheunoperatedsideandwithoutpelvic
tiltwereused.Thirty-nineTHApatients(femoralneckfracture),26THApatients(osteonecrosis
ofthefemoralheadandosteoarthritisofthehipjoint),and34BHPpatientswereselectedforthis
study.Linesandpointsformeasurementof9parameterswereestablishedonradiographs.The
positionofthegreatertrochanterupperedgeis6.5mm(mean)superiortothefemoralheadcenter
inthenormalhipjointofJapanese,unlikeinCaucasians.Afemoralheadprosthesisshouldbe
insertedsothatitscenterandthegreatertrochanterupperedgearelevelinordertoequalizeleg
lengths.InBHP cases,theinsertionismadesothatthegreatertrochanterupperedgeis
approximately4-mmsuperiortothecenteroftheprosthesis.Forfurthersecuringofthestemand
toequalizeleglengths,stemsshouldbeavailablein11diametersfrom5-15mmin1-mmincrements.
PostoperativehipalignmentinMX-1THAcaseswasfoundtobesatisfactory.
Keywords:totalhiparthroplasty,hipalignment,radiographicstudy,MX-1
I nrecentyears,totalhiparthroplasty(THA)incasesofhipdiseaseandBipolarHeadProsthesis
(BHP)incasesoffemoralneckfractureshavebecome
commonsurgicalprocedures.However,insertionofa
femoralprosthesismayresultinalteredhipalignmentand
a?ecthip-jointfunction,eventualycausingpostoperative
pain,limping,ordecreaseddurabilityoftotalhipprosthe-
sesorhipcomponents.Itisidealfortheseprosthesesto
beimplantedinamannerresultinginnormalalignmentor
alignmentsimilartothatofthecontralateraluna?ected
hip.Preoperativeplanningisperformedtoestimatethe
sizeoftheimplanttobeusedwithreferencetothe
alignmentoftheuna?ectedside.Inmanycases,how-
ever,thepredeterminedsizeturnsouttobeinadequate
intraopratively,resultinginabandonmentofthepreoper-
ativeplan.Itishowever,di?culttoreplanandreselect
aprostheticdesignand/ormaterial,possiblyexplaining
therelativelyfewreportsregardingpostoperativehip
alignment.Inthepresentstudy,radiographsofhipjoint
ofpatientswhohadundergoneaTHAorBHP,both
withMX-1,weretakenforevaluationofthealignmentin
comparisonwiththatoftheuna?ectedsideofthehip
joint.TheMX-1isaprosthesisdevelopedbasedona
skeletalstudyofJapanese［1］.
SubjectsandMethods
THAwithMX-1wasperformedon103patients
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betweenJanuary1989andMarch1997.BHPsurgery
withMX-1wasperformedon45patientsbetweenJanu-
ary1993andJuly1995.Amongtheanteroposteriorview
radiographsofbilateralhipjointsofthesepatients,those
withnormalalignmentontheuna?ectedsideandwithout
pelvictiltingwerechosenforevaluation.Thesecriteria
weremetby39oftheTHApatientswhounderwentthe
surgeryforfemoralneckfracture(fracturesubgroup),26
ofthesewhounderwentthatforosteonecrosisofthe
femoralheadandosteoarthritisofthehipjoint(OA
subgroup),and34oftheBHPpatients,(BHPgroup).
Thefracturesubgroupconsistedof5menand34women
(meanage:75.1years),theOAsubgroup2menand24
women(meanage:66.9years),andtheBHPgroup10
menand24women(meanage:79.1years).AltheBHP
patientsunderwentthisprocedureforfemoralneckfrac-
ture.Thefolowingpointsandlineswereestablished,and
measurementsweremadeonanteroposterior-viewradio-
graphsofhipjoints.
Linesandpointsformeasurement(Fig.1)
Measurements
1.Verticalchangeinthecenterofthefemoralhead.
Operated-sidecenteroffemoralhead:C’,relativeto
unoprerated-sidecenterofthefemoralhead:C,along
averticalaxis.
2.Horizontaldistancebetweenthecenterofthefemoral
headandthemidlineofthebody.Thedistancebetween
themidline:AB,andtheoperated-sidecenterofthe
femoralhead:C’(unoperatedside:C).
3.Positionofthecuploweredgerelativetotheteardrop
loweredgeinTHA.Operated-sideoftheteardrop
loweredge:D’(unoperatedside:D),relativetothe
cuploweredge:E’(unoperatedsideoftheacetabulum
edge:E),alongaverticalaxis.
4.AngleofinclinationofthecupinTHA.BHPis
exceptedforthemovabilityhead.
5.Center-edgeangleinTHA.Ontheoperatedside,
measurementsweremadewith2edges,theupperedge
ofthelateracetabulumandtheupperedgeofthe
lateralcup.BHPisexceptedforthemovabilityhead.
6.Leg-lengthdi?erenceattheheightofthelessertro-
chanter.Unoperated-sidelessertrochanter:M,rela-
tivetotheoperated-sidelessertrochanter:M’,alonga
verticalaxis.
7.Changesintheo?set.Operatedandunoperatedsides
weremeasured.
8.Heightofthegreatertrochanterrelativetothecenter
ofthefemoralhead.Operated-sidecenteroffemoral
head:C’(unoperatedside:C),relativetothegreater
trochanterofthetop:T’(unoperatedside:T),along
theverticalaxis.
9.Neck-shaftangle.Operatedandunoperatedsideswere
measured.
StatisticalAnalysis
Anunpairedt-test(StatView4.5forMacintosh)was
usedforcomparativeanalysisofevery2unpairedgroups.
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Fig.1 Linesandpointsformeasurement.Thefolowingpoints
andlineswereestablished,andmeasurementsweremadeon
anteroposterior-viewradiographsofhipjoints.AB,Midline;C,C’:
Centerofthefemoralneck(C,ontheunoperatedside;C’,onthe
operatedside);CL,Baseline(perpendiculartoAB);D,D’:Lower
edgeofteardrop(D,ontheunoperatedside;D’,ontheoperated
side);E,E’:Loweredgeoflateralacetabulum(E,ontheunoperat-
edside;E’,ontheoperatedside);FG,Femoralaxis(F’G’,onthe
operatedside);M,M’:Upperedgeoflessertrochanter(M,onthe
unoperated side;M’, on the operated side);M1C, M1C’:
Intramedularycavitycenter120mmdistaltoT(M1C,ontheunoper-
atedside;M1C’,ontheoperatedside);M2C,M2C’:Intramedulary
cavitycenter180mmdistaltoT(M2C,ontheunoperatedside;
M2C’,ontheoperatedside);N,N’:Centerofnarrowestpartof
neck(N,ontheunoperatedside;N’,ontheoperatedside);S,
Medialupperedgeofstem;T,T’:Upperendofgreatertrochanter
(T,ontheunoperatedside;T’,ontheoperatedside).
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Results
Cupside
1.Verticalchangeinthecenterofthefemoralhead(Fig.
2)
Themeanchangefromtheunoperatedheadcenter
was＋0.9mminthefracturesubgroup,＋1.8mminthe
OAsubgroup,and＋6.9mmintheBHPgroup.The
centeroftheoperatedfemoralheadwasnearlythesame
asthatoftheunoperatedoneinTHApatients.BHP
resultedinpositioningofthefemoralheadcenter6.9mm
superiortotheunoperatedside.Thedi?erencebetween
theBHPgroupandTHAgroupwassigniﬁcant(fracture
subgroup:P＜0.001,OAsubgroup:P＜0.05).
2.Horizontaldistancebetweenthecenterofthefemoral
headandthemidlineofthebody(Fig.3)
Thedistancewasnearlythesameontheoperatedand
unoperatedsidesinbothTHAgroups.BHPsubgroup
resultsweresigniﬁcant(P＜0.05)betweenunoperated
andoperatedsides.
3.Positionofthecuploweredgerelativetotheteardrop
loweredgeinTHA(Fig.4)
Ontheunoperatedside,thecuppositionrelativeto
theteardropwassimilarbetweenfractureandOAsub-
groups,being－11.3mm(fracture)and－8.1mm(OA),
andsimilarly,－9.8mmand－4.6mm,respectively,on
theoperatedside.ThecupoftheOAsubgroupwas
slightlyhigherrelativetotheteardropontheoperated
side.Thedi?erencesinweresigniﬁcant(P＜0.01)inthe
OAsubgrouponly.
4.AngleofinclinationofthecupinTHA(Fig.5)
Theintendedangleof40degreeswasnearlyobtained,
being38degreesinthefracturesubgroupand36degrees
intheOAsubgroup.Thedi?erencebetweenthefracture
subgroupandtheOAsubgroupwasnotsigniﬁcant.
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Fig.2 Verticalchangeinthecenteroffemoralhead.IntheTHA
group,theheightofthefemoralheadcenterwasnearlythesame
asthatoftheunoperatedside.IntheBHPgroup,however,the
femoralheadcenterwas6.9mmhigher.Thedi?erencebetweenthe
BHPgroupandTHAgroupwassigniﬁcant(fracturesubgroup,P＜
0.001;OAsubgroup,P＜0.05).Valuesaremean±SD.
Fig.3 Horizontaldistancebetweenthecenteroffemoralhead
andthemidlineofthebody.Thedistanceclosedtothemidlineof
thebodyontheoperatedsidesinalgroups.Thedi?erencebetween
theoperatedandunoperatedsideswassigniﬁcant(P＜0.05)inBHP
subgrouponly.Valuesaremean±SD.
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5.Center-edgeangleinTHA(Fig.6)
Ontheunoperatedside,themeanwasslightlysmaler
intheOA subgroup(fracture:39degrees,OA:33
degrees).Ontheoperatedside,measurementswere
madewith2edges,theupperedgeofthelater
acetabulumandtheupperedgeofthelateralcup.The
center-acetabularedgeanglewassimilarbetweenunoper-
atedandoperatedsidesinbothsubgroups,witha
signiﬁcant(P＜0.01)di?erenceintheOAsubgrouponly.
Thecenter-cupedgeanglewasgreaterontheoperated
sideby16degreesinthefracturesubgroupandby24
degreesintheOAsubgroup.
Stemside
1.Leg-lengthdi?erenceattheheightofthelessertro
chanter(Fig.7)
-
Thelegontheunoperatedsidewasslightlylongerin
theTHAgroup,withthemeandi?erencebeing＋3.1
mminthefracturesubgroup,＋5.3mm intheOA
subgroup,and－0.6mmintheBHPgroup.Therewas
asigniﬁcant(P＜0.05)di?erencebetweentheOAsub-
groupandBHPgroup.
2.Changeintheo?set(Fig.8)
Rotationintheneck-shaftangle,theangleofantever-
sion,etc.ofthehipjointcanleadtoerrorsino?set
measurements.Inthepresentstudy,themeano?set
measurementofthefracturesubgroupwassimilar
betweenoperatedandunoperatedsides.Asigniﬁcant
(P＜0.01)di?erencewasnotedintheOAsubgroupand
theBHPgroup(9mmand6mmless,respectively,on
theoperatedside).
3.Heightofthegreatertrochanterrelativetothecenter
ofthefemoralhead(Fig.9)
Thegreatertrochanterwaspositionedsuperiortothe
centerofthefemoralheadontheunoperatedsideinal
groups.Ontheoperatedside,thegreatertrochanter
was－3.4mm(mean)inferiortothecenteroftheheadin
theOAsubgroup.
Fig.5 AngleofinclinationofthecupinTHA.Thedi?erence
betweenthefractureandOAsubgroupswasnotsigniﬁcant.BHPis
exceptedformovabilityhead.Valuesaremean±SD.
Fig.4 Positionofthecuploweredgerelativetotheteardrop
loweredgeinTHA.Infracturesubgroup,thecupheightofthelower
edgewasnearlyasthatoftheunoperatedside.Therewasnot
signiﬁcant.Thedi?erencebetweentheoperatedandunoperated
sideswassigniﬁcant(P＜0.01)inOAsubgroup.BHPisexceptedfor
movabilityhead.Valuesaremean±SD.
Mizutaetal. ActaMed.Okayama Vol.56,No.3162
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4.Neck-shaftangle(Fig.10)
Themeanneck-shaftanglewasgreaterontheoperat-
edsideby8degreesinthefracturesubgroup,12degrees
intheOAsubgroup,and10degreesintheBHPgroup.
Thedi?erencebetweenoperatedandunoperatedsides
wassigniﬁcant(P＜0.01)ineachgroup.
Discussion
Achievingalignmentofanormalhipjointisafactor
havingalargee?ectonpostoperativeoutcomesinTHA
andBHP.Inthepresentstudy,thepostoperativealign-
mentwasevaluatedinpatientswhounderwentthese
surgicalproceduresincomparisonwithnormalhipalign-
ment.ManyreportsonclinicaluseoftheMoore-type
Fig.6 Center-edgeangleinTHA.Measurementsweremadewith
2edges,theupperedgeofthelateracetabulumandtheupperedge
ofthelateralcupontheoperatedside.Thedi?erencebetweenthe
operatedandunoperatedsideswassigniﬁcant(P＜0.001)ineach
group.BHPisexceptedformovabilityhead.Valuesaremean±SD.
Fig.7 Leglengthdi?erenceattheheightoflessertrochanter.In
theBHPgrouponly,theleglengthwas－0.6mmshorterthanon
theunoperatedside.Therewasasigniﬁcant(P＜0.05)di?erence
betweenOAsubgroupandBHPgroup.Valuesaremean±SD.
Fig.8 Changeintheo?set.Thefracturesubgroupwassimilar
betweenoperatedandunoperatedsides.Therewas,however,a
signiﬁcantdi?erencebetweenoperatedandunoperatedsidesinthe
OAsubgroup(P＜0.001)andBHPgroup(P＜0.01).Valuesare
mean±SD.
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femoral-headprosthesis［2］andoftheCharnleyhip
arthoplastyprosthesis［3］havebeenpublishedinJapan.
Also,withforeign-madeimplantsdominantamongother
typesofprostheses［4,5］,theuseofJapanesedevices
hasbeenlimitedtopatientstreatedatuniversitiesthat
havedevelopedthesedevicesortheira?liates［6,7］.
TheMX-1isoneofafewdomesticprosthesesrelatively
oftenappliedinJapan.Thisledourstudytoevaluatethe
alignmentonpostoperativex-rayincasesofMX-1THA
andBHP.Oneofthemostsigniﬁcantfactorsinx-ray
measurementsisthepositionofthefemurontheX-ray.
Theexposureisgeneralycenteredoverthepubic
symphysis,alowingadistanceof1mbetweenthex-ray
tubeandtheﬁlm,positioningthehipjointataneutral
positionﬂexingthebilateralkneeata90°,andlowering
thelimbsperpendiculartotheﬂoor［8］.Thisalowsthe
posterioraspectofthecondylesofthebilateralfemursto
belevel,i.e.,thestandardpositionofthefemur.The
nextimportantfactoristhetiltofthepelvis.Seelenet
al.,withtheaidofatabletopwithwiremarkersanda
ﬁxed30-degreewedgetoalowforreproducibleposition-
ingunderﬂuoroscopiccontrol,havemadeandexamined
pelvicandspotﬁlms［9］.Usingtheirmethod,standard
positionofthepelvisisachievedwithabilateralanterior
superioriliacspine,withtheanterioraspectofthepubic
symphysiskeptlevel.However,visualizationofthe
pelvisandfemursinthispositionisnotpossible;assuch,
errorsarecausedinradiographicdescribedmeasurements
regardinghipalignmentduetothefemoralandpelvic
positioning.Thetechniquedescribedabove,however,is
atpresentthebestpossiblewayofcarryingoutx-ray
imagingoflivingbody.Althoughreportsregarding
post-THAevalutionofeithercups(“migration”,“cle-
azone”)orstems(“loosening”,“sinking”)usingplain
radiographsappeareoccasionaly［10-12］,fewreports
areavailableregardingmeasurementandevalutionof
post-THAalignmenttothebestofourknowledge.
Fig.9 Heightofthegreatertrochanterrelativetothecenterof
thefemoralhead.IntheOAsubgrouponly,thegreatertrochanter
was－3.4mminferiortothecenteroftheheadontheoperated
side.Therewassigniﬁcantdi?erencebetweenoperatedand
unoperatedsidesinthefracturesubgroup(P＜0.01)andtheOA
subgroup(P＜0.01).Valuesaremean±SD.
Fig.10 Neck-shaftangle.Thedi?erencebetweenoperatedand
unoperatedsideswassigniﬁcant(P＜0.001:fracturesubgroup,OA
subgroup.P＜0.01:BHPgroup)ineachgroup.Valuesaremean±
SD.
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Changesinthepositionofthecuparediscussedﬁrst.
Itisidealfortheacetabularcomponenttobeimplantedin
anappropriatemannerthatobtainsprimaryacetabulum
position.Oneindexforprimaryacetabulumpositionis
thefemoralheadcenter,ontheoperatedsideaswelas
thecenterofthecup.Massinetal.haveestimatedthat
thebestlandmarkformeasuringlocationalongavertical
axisisthedistancebetweenthecenterofthecupandthe
teardropline.Themeasurementforcuplocationalonga
horizontalaxisisthedistancebetweenthecenterofthe
cupandverticallinethroughtheteardrop［13］.How-
ever,theteardropissometimesnotvisible,andtheresult
isnotstandardized.Thehorizontaldistancefromthe
midlineofthetrunktothefemoralheadcenterwasfound
tobenearlythesamebetweenoperatedandunoperated
sidesinboththeTHAandBHPsubgroups.Regarding
theverticalaspectinthefractureandOAsubgroups,the
centerofthefemoralheadprosthesiswasslightlyhigher
thantheunoperatedside.AmongtheBHPsubgroup,
thecenterofthefemoralheadprosthesiswas6.9mm
(mean)higher;thisdegreeofdi?erence,resultingfrom
theBHPstructure,isdeemedunavoidableandshouldbe
takenintoconsiderationinpreoperativeplanning.For
MX-1,a40-degreeinclinationofthecupfrom the
horizontalplaneisconsideredideal.Inthisstudy,the
meanangleofinclinationwas38degreesinthefracture
subgroupand36degreesintheOAsubgroup,which
seemstobesatisfactoryingeneral.Thepresentresults
falwithinthe“safezone”(30-50degrees)reportedby
Lewinneketal.［14］,andthusareconsideredtobe
satisfactoryintermsofdislocationrisk.Wealsohave
additionaldatatodemonstratetheproperpositioningof
thecupinlinewiththeideal40degreesofinclinationon
theoperatedside.Withregardtothecenter-edgeangle,
itwasshownthatthemeanangle(39degrees)onthe
unoperatedsideinthefracturesubgroupwasclosetothe
meanangle(36degrees).Incontrast,themeancenter-
edgeangleontheunoperatedsideintheOAsubgroup
was33degrees,6degreessmalerthanthatofpatients
withoutOA.Thisdi?erenceinanglesuggestsanindica-
tionofshelfplastyforinstalationofthecup.More
speciﬁcaly,shelfplastyforacetabulardysplasiaseemsto
bepossibleifthecenter-edgeangleonthea?ectedsideis
similartothatoftheuna?ectedside,i.e.,nolessthan40
degrees.Giventheabove,bonegraftingachievingat
leasta40-degreecenter-edgeangleseemstobeneededin
acetabuloplastyforinstalationofacupintheOAsub-
group.
Dataregardingtherelativepositionofthecuplower
edgeandteardroploweredgearethoughttobeusefulin
optimizingcuppositioninpatientswithbilateralOA.It
wasfoundinthepresentstudythattheacetabularlower
edgewaspositioned8-11mm (mean)inferiortothe
teardroploweredgeontheunoperatedsideinboth
subgroups.Ontheoperatedside,thecorresponding
valuewas9.8mminthefracturesubgroup,similartothe
unoperatedside,and4.6mm intheOA subgroup,
makingithigherthanortheunoperatedside.Itisideal
forcupprosthesestobeimplantedinamannerthat
obtainsaprimaryacetabulum.However,ifthehigh
dislocation(acetabulum)isbroughtdowntotheprimary
acetabulum,thefemurmayhavetobeshortenedto
reducetheriskofinjurytothesciaticnerve.Generaly,
itisinappropriatetotrytolengthenthefemurmorethan
4centimeters,asdoingsoincreasestheriskofsciatic
nervepalsy［15］.Theangleandsizeofthecuptobe
implantedshouldbeconsideredinoptimizingcupposition
incasesofbilateralOA.
Withregardtomeasurementsmadeonthestemside,
di?erencesinleg-lengthcanbedeterminedonx-rayby
comparingtheheightofthelessertrochanterbetween
sides.Bythismethod,themeanleg-lengthdi?erenceon
theoperatedsidewasestimatedtobe＋3.1mminthe
fracturesubgroup,＋5.3mm intheOA subgroup,
and－0.6mm intheBHPgroup.Thelegonthe
operatedsidewaslongerintheTHAgroup.Theabove
resultsseemtobeatributabletotheuseofthelargest
possiblestemforTHAandtheavailabilityofstemsin
－2mmincrements.ForBHP,oneofthecausesofthe
leg-lengthdi?erenceobservedisthoughttobethecenter
ofthefemoralheadbeingatahigherpositionrelativeto
THAcasesduetotheprostheticstructure,asnoted
above.Themeano?setwas38mmontheunoperated
sideinthefracturesubgroup.Ontheoperatedsidethe
measurementresultwassimilartofracturesubgroupin
contrasttothedi?erencesof9mmand6mmintheOA
subgroupandtheBHPgroup,respectively.Thiso?set
isrelatedtotheneck-shaftangle.Agreaterdegreeof
stemanteversionappearstohavebeenresponsibleforthe
smalero?setvalueontheoperatedsideintheOA
subgroup.Incasesofpatientswithprostheses,itisnot
alwaystruethatalongero?setresultsinbeterclinical
outcomes.ThisvariabilitycanbeatributedtoPauwels
principleoftheleverarm［16］,storingthatthereisless
weightbearingonthefemoralheadinthecoxavarathan
inthecoxavalga,notapplyingtoprostheses.More
165Hip-JointAlignmentafterProstheticHipArthoplastyJune2002
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speciﬁcaly,withalongero?set,thestemisexposedto
greaterinwardstresstowardthemidlineofthebodyinthe
medularycavity.
Measurementsregardingtherelativepositionofthe
upperedgeofthegreatertrochanterandthecenterofthe
femoralheadwereasfolows.Amongthemany
approachestothehip,weappliedthetransgluteal
approach［17］.Theadvantageofthisapproachisa
beterviewoftheacetabularrim,preventionofgluteal
muscledamage,andprotectionofthesuperiorgluteal
nerve,withoutosteotomyofthetrochanter.Incasesof
osteotomyandsubsegumentreatachmentofthetro-
chanter,theprimarypositionoftheupperedgeofthe
greatertrochantercanbechanged,Itisalsoimportantto
obtainmeasurementsregardingtherelativepositionofthe
upperedgeofthegreatertrochanterandthecenterofthe
femoralhead.Ontheunoperatedside,thegreatertro-
chanterwasatahigherpositionby7.2mminthefracture
subgroup,by5.8mmintheOAsubgroup,andby6.5
mmintheBHPgroup.Ascomparedwiththealignment
inCaucasians［8］,withtheedgeofthegreatertrochanter
beingofthesameheightasthecenterofthefemoralhead,
itappearsthatthegreatertrochanterisatahigher
positioninJapanese.Ontheoperatedside,itwasfound
thatthegreatertrochanterwaspositioned2.3mmhigher
inthefracturesubgroupand4.7mmintheBHPgroup,
but3.4mmlowerintheOAsubgroup.Theseresults
werecomparedwiththeleg-lengthinequalitiesnoted
aboveandrelativepositionstoachieveanequalizationof
leg-length(T±M’).Accordingtothiscomputation,the
upperedgeofthegreatertrochantershouldhavebeen
superiortothecenterofthefemoralheadby0.8mmin
thefracturesubgroup,1.9mmintheOAsubgroup,and
4.1mmintheBHPgroup.Althoughthesevalues,al
lessthan5mm,arenotclinicalysigniﬁcant,itisthought
tobeacorrectapproachtoinsertthestemsothatthe
centerofthefemoralheadisatthesameheightasthe
upperedgeofthegreatertrochanter［18］.Thevaluefor
theBHPsubgroupwasgreaterbecauseofthelarger
verticalchangeintheheightofthefemoralheadcenter.
Themeanshaft-neckangleontheunoperatedsideof
algroupswasapproximately130degrees.Onthe
operatedside,themeananglewas139degreesinthe
fracturesubgroupand142degreesintheOAsubgroup.
Withtheneck-shaftangleoftheMX-1templatebeing135
degrees,agreaterdegreeofanteversionresultsinmany
cases.Thesedata,togetherwiththemeanneck-shaft
angleofapproximately130degreesontheunoperated
side,o?set-reducedby10mm,andthesizeofthestem
inﬂuencingleg-lengthdi?erences,suggestthat,tofurther
improveprostheticdesign,itwouldbeidealtomake
stemsavailablein11sizesfrom5to15mmindiameter
in1-mm incrementsformoresuitableintramedulary
placement.Assuch,theneck-shaftangle,leg-length
di?erences,stemsizeando?setdataindicatetheneedfor
furtherdesignimprovements.Ingeneral,however,
satisfactoryhipalignmentappearstobeobtainedwith
MX-1.
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